Despite being protected, the number of plants that belong to Sideritis genus has decreased in the last years due to the urbanization of its natural habitat. Sideritis raeseri Boiss and Heldr. subsp. raeseri known as mountain tea of Parnassus or Velouchi is a valuable genetic resource of the Greek flora because of its special characteristics, so, the development of a micropropagation protocol is crucial to its conservation and use in breeding programs. The objectives of the study were to evaluate the effects of glycine betaine (GB), polyvinylpyrrolidone (PVP-10) and D-mannitol applied in different concentrations in combination with auxins [α-naphthaleneacetic acid (NAA), indole-3-butyric acid (IBA)] on shoot proliferation and rooting of shoot-tip explants of the studied species. Better shoot proliferation results were obtained in the following two combination treatments: (1) 100 mg/l GB + 0.5 mg/l NAA (5.5 shoots/explant 2.34 cm long, 75% shoot multiplication), and (2) 2.5 g/l D-mannitol + 3 mg/l IBA (2.92 shoot/explant 83.33% shoot multiplication percentage). In relation to rooting, better results were performed only with PVP at 0.5 g/l applied simultaneously with 0.5 mg/l NAA (12 roots/rooted microcutting, 1.47 cm root length, 90% rooting). The ex vitro survival percentage of rooted microcuttings derived from all 5 experiments was ranged between 68% and 93%.
Introduction
Sideritis species have been used in folk medicine for their antimicrobial, antiulcerogenic, digestive and antiinflammatory properties. In the folk medicine of the Balkan countries, Sideritis raeseri is used as a herbal tea in the treatment of inflammation, gastrointestinal disorders and coughs, and also as a tonic, whereas extracts are used as a component of dietary supplements for anaemia. Its dried inflorescences are used to prepare a beverage called 'mountain tea' [1] . Although the disease prevention and health promotion effects of S. raeseri Boiss & Heldr. are not clearly established in terms of a prospective cohort study, several in vitro and in vivo studies have suggested that S. raeseri Boiss. & Heldr. exhibits hypotensive and vasodilatory actions [2] and exerts vasoprotective and gastroprotective effects [3] .
Investigation of seed germination of several Sideritis species [4, 5] has revealed a strong correlation between germination and environmental conditions. Using tissue culture techniques to study regeneration ability of three Sideritis species, it is reported that germination ratio was very low [6] . In the last decades, in vitro culture of plants has become an integral part of advances in plant science research. Plant tissue culture techniques allow for close monitoring and precise manipulation of plant growth and development, indeed, the in vitro system offers the advantage that relatively little space is needed to culture plants and this system allows a rigorous control of physical environment and nutrient status parameters, which are difficult to regulate with traditional experimental system [7] . Furthermore, any complex organ-organ and plant-environment interaction can be controlled or removed, and the level of stress can be accurately and conveniently controlled [8] . All this together makes that some aspects of plant growth, that were barely understood before the advancement of the science of tissue culture, such as the metabolism and interaction of plant hormones, as well as their physiological effects can be deeply studied [9] .
Glycine Betaine (GB) (trimethylglycine or oxyneurine) is a quaternary ammonium compound [10] that is naturally formed during the oxidation of choline. It is considered to be a provitamin. In plant cells, it imparts insulation against drought and salt stress [11] . GB not only preserves the osmotic balance through stabilization of protein structures via a chaperone-like action but also protects the photosynthetic apparatus [12] . Yang and Lu [13] concluded that if endogenous level of GB reaches a threshold level due to either foliar application of high concentrations of GB or by increasing the number of foliar applications of effective concentration, or applied through the rooting medium for a longer duration even at low concentration, it does not act as an osmoregulatory substance, thereby causing phytotoxicity. The use of antioxidant substances such as polyvinylpyrrolidone (PVP-10) is often reported in micropropagation, however it is still very restricted in the rooting of vegetative cuttings [14] . PVP is an adsorbent compound that binds to phenols and prevents oxidation, in addition to adsorbing the products of phenol oxidation [15] .
Being most common carbohydrate in the phloem sap of many plants [16] and due to its cheap and easy availability, sucrose is often assumed to be the sugar of choice in cell and tissue culture media [17, 18] . However, it is not always the best carbohydrate to achieve shoot proliferation [19] because a number of carbon sources besides sucrose are also translocated in plants [20] . Some reports [21] showed that not only media with elevated concentrations of carbohydrates, but also media containing additional carbohydrates, such as mannitol, stimulate plant differentiation in cultured cells. Shen et al. [22] suggested that the exogenously applied mannitol can additionally act as free radicalscavenger and reduce oxidative damage of cells caused by hydroxyl radicals.
To our knowledge, no study has been reported on the influence of PVP, GB, mannitol, on micropropagation of S. raeseri Boiss and Heldr. subsp. raeseri. However, the current study focused on the combined effect of the above mentioned additives with auxins in order to get rapid and satisfied proliferation and adventitious rooting concurrently, and subsequently increase the survival percentage of the acclimatized plants in the greenhouse. The present study was also undertaken to show the relative efficiency of different combinations of plant growth regulators for in vitro shoot and root regeneration from shoot-tip explants and to select the best combination for maximal shoot and root initiation and elongation and establishment of complete plantlets.
Material and methods

Plant material and in vitro culture conditions
The experimental plant material was shoot tip explants, 2-3 long, from previous S. raeseri in vitro cultures. For the initial establishment of the plant material in vitro apex meristems were cut and removed from the mother plants maintained in a peat:perlite (1:1) substrate in pots under unheated-greenhouse conditions. For the disinfection of the collected plant material, shoot tips were soaked in 70% ethanol for 1 min followed by 2% NaOCl solution for 15 min under continuous stirring. The successfully established explants were sub-cultured every 4 weeks until a sufficient amount of plant material to be concentrated. The nutrient medium used was the MS [23] supplemented with all the essential macronutrients, micronutrients, vitamins and amino acids in full strength.
Five experiments were conducted. In the first experiment, GB (Sigma-Aldrich) applied exogenously at 5 concentrations (0, 50, 100, 200, 400 mg/l) combined with 0.5 mg/l NAA (Sigma-Aldrich) in MS basal culture medium supplemented with 30 g/l sucrose (Duchefa Biochemie) and 3 g/l Gelrite (Duchefa Biochemie) as a gelling agent. The experiment included 5 treatments with 12 replications (explants)/treatment and 4 shoot tip explants in each Magenta vessel (Baby food jars, autoclavable, reusable, 62.4 mm × 95.8 mm, size: 200 mL), each containing 35 mL of MS medium. Magenta TM B-caps were used for covering the vessels. Αfter 8 weeks of culture, measurements were taken regarding shoot number/explant, root number/rooted microcutting, shoot length (mm), root length (mm) and percentages (%) of shoot multiplication, rooting, callus formation, vitrification and necrosis.
In the second experiment, PVP (Sigma-Aldrich) was added at 7 concentrations (0, 0.5, 1, 2.5, 5, 10, 20 g/l) simultaneously with 1 mg/l IBA (Sigma-Aldrich) in MS basal culture medium supplemented with 30 g/l sucrose and 3 g/l Phytagel (Sigma-Aldrich) as a gelling agent. The experiment included 7 treatments with 20 replications (explants)/treatment and 4 shoot tip explants in each Magenta vessel. Αfter 9 ½ weeks of culture, measurements were taken regarding shoot number/explant, root number/rooted microcutting, shoot length (mm), root length (mm) and percentages (%) of shoot multiplication, rooting, callus formation, vitrification and necrosis.
In the third experiment, PVP was tested at 5 concentrations (0, 0.5, 1, 2.5, 5 g/l) in conjunction with 0.5 mg/l NAA. The MS culture medium was also supplemented with 30 g/l sucrose and 3 g/l Gelrite. The experimental plant material was transferred into flat-base glass test tubes of 25 x 100 mm containing 10 ml of MS medium and covered with aluminium foil. The experiment included 5 treatments with 10 replications/treatment and one shoot tip explant in each 25 x 100 mm flat-base glass test tube. Αfter 8 weeks of culture, measurements were taken regarding shoot number/explant, root number/rooted microcutting, shoot length (mm), root length (mm) and percentages (%) of shoot multiplication, rooting, callus formation, vitrification and necrosis.
In the fourth experiment, D-mannitol (Sigma-Aldrich) added at 7 concentrations (0, 1, 2.5, 5, 10, 25, 50 g/l) simultaneously with 3 mg/l IBA in MS basal culture medium supplemented with 30 g/l sucrose and 3 g/l Phytagel. The experiment included 7 treatments with 12 replications (explants)/treatment and 4 shoot tip explants in each Magenta vessel. Αfter 5 weeks of culture, measurements were taken regarding shoot number/explant, root number/rooted microcutting, shoot length (mm), root length (mm) and percentages (%) of shoot multiplication, rooting, callus formation, vitrification and necrosis.
In the fifth experiment, D-mannitol was tested at 4 concentrations (0, 1, 2.5, 5 g/l) in conjunction with 0.5 mg/l NAA. The ½ MS culture medium (50% in macro-and micronutrients) was also supplemented with 30 g/l sucrose and 3 g/l Phytagel. The experimental plant material was transferred into flat-base glass test tubes of 25 x 100 mm containing 10 ml of ½ MS medium and covered with aluminium foil. The experiment included 4 treatments with 15 replications/treatment and one shoot tip explant in each 25 x 100 mm flat-base glass test tube. Αfter 8 weeks of culture, measurements were taken regarding shoot number/explant, root number/rooted microcutting, shoot length (mm), root length (mm) and percentages (%) of shoot multiplication, rooting, callus formation, vitrification and necrosis. The pH of the media in all 5 experiments was adjusted to 5.8 before adding the gelling agent and afterwards the medium was sterilized at 121 o C for 20 min. All cultures were maintained in a growth chamber. The chamber was programmed to maintain 16-h light duration (40 μmol/m 2 /s) supplied by cool white fluorescent lamps and a constant temperature of 22± 2 o C.
Ex vitro acclimatization of rooted microcuttings
Plantlets with well-developed shoots and roots were removed from the glass test tubes, washed thoroughly with tap water and transferred to an enriched peat (Terrahum): perlite (Perflor) (1:1 v/v) soil substrate. The rooted microplantlets were transferred to multi-point discs. Then these trays were placed in a nylon table bench tunnel with adjustable relative humidity or misting system, initially, in the first four days with 65-72% relative humidity and the next three days with 55-62%. After one week the trays with the plants were transferred to one of the benches of the greenhouse (50 ± 5% relative humidity) for 2 more weeks, wherein watered by sprinkling. After this period, the plants were transplanted into pots of 0.33 Lt with enriched white peat moss (TS2, Clammann): perlite (Perflor): sand (2:0.5:0.5 v/v) soil substrate and transferred to the greenhouse bench (45-55% relative humidity) for 2 more weeks, wherein watered by sprinkling. After 8 weeks from transplantation, the adjusted plants were transferred to pots of larger capacity, 2.5 Lt, filled with enriched white peat moss (TS2, Clammann): perlite (Perflor): sand (2:0.5:0.5 v/v) soil substrate and maintained in the greenhouse. After a period of 5 weeks, the plants were transferred outside of the greenhouse nursery to the external environment within 2.5 Lt pots, where their acclimatization and hardening was completed. Finally, after 12 weeks in total from the initial transition of the in vitro rooted plantlets to the ex vitro environment, their survival percentage was recorded.
Statistical analysis
The experiment was completely randomized and analyzed with Analysis of Variance (ANOVA) using the statistical program SPSS 17.0 (SPSS Inc., Illinois, New York, USA) at P≤0.05, according to Duncan's multiple range test ± standard error (S.E.) in order significant differences among the treatments to be established.
Results
Effect of GB on micropropagation of S. raeseri
The addition of 100 mg/l GB in the MS culture medium containing 0.5 mg/l NAA was the optimum treatment exhibiting 5.5 shoots/explant and 75% shoot multiplication percentage, causing a 2.5-fold increase in relation to the control (GBfree). The percentage of explants with hyperhydricity and necrotic symptoms was lower, 8.33% and 25% respectively with 100 mg/l GB. Except 100 mg/l GB, all the other concentrations (50, 200, 400 mg/l) raised shoot length (28. Figure 1A -1E). Figure 1A -1E). 0.008** 0.000*** 0.000*** 0.000*** Means ± standard error (S.E.) with the same letter in a column are not statistically significant different from each other according to the Duncan's multiple range test at P ≤ 0.05. **P ≤ 0.01, ***P ≤ 0.001 P-values 0.002** 0.000*** 0.000*** 0.000*** 0.000*** P-values 0.003** 0.013* 0.000*** 0.000*** 0.000*** Means ± standard error (S.E.) with the same letter in a column are not statistically significant different from each other according to the Duncan's multiple range test at P ≤ 0.05. *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001 PVP did not differentiate root number (8.88-13.5) compared to control (11.71 roots). An increase in root length (17.29 mm) by 0.6 cm with respect to the control (11.08 mm) was observed with 2.5 g/l PVP. Rooting was higher (90%) with 0.5 g/l PVP. PVP led to a 10% decrease in callusing from 100% (control) to 90% (Table 6 , Figure 3A -3E). 0.00 ± 0.00 a 0.00 ± 0.00 a 0 a 0 a 50 0.00 ± 0.00 a 0.00 ± 0.00 a 0 a 0 a P-values 0.000*** 0.000*** 0.000*** 0.000*** Means ± standard error (S.E.) with the same letter in a column are not statistically significant different from each other according to the Duncan's multiple range test at P ≤ 0.05. ***P ≤ 0.001 (Table 9 , Figure 5A -5D).
Root number was not differentiated substantially due to D-mannitol application (7.4-10.29 roots/rooted microcutting) compared with the control (9.14 roots). The incorporation of 2.5 g/l D-mannitol into the culture medium led to an increase in root length by 0.3 cm, from 10.95 mm (control) to 13.51 mm. D-mannitol applied at 2.5 g/l gave the same rooting percentage (70%) with respect to the control, whereas lower and higher D-mannitol concentrations had an inhibitory effect. A 10% decrease in callusing percentage from 100% (control) to 90% was recorded when D-mannitol was used (Table 10 , Figure 5A-5D ). 
Ex vitro acclimatization of in vitro rooted plantlets
The survival percentage of in vitro rooted plantlets originated from the GB-enriched containing 0.5 mg/l NAA MS culture medium after 12 weeks from their transition to the ex vitro environment outside unheated greenhouse was 93%. On the other hand, 73% and 81% survival percentage was recorded when microplants were treated with PVP in combination with 1 mg/l IBA and 0.5 mg/l NAA, respectively. In vitro rooted plantlets derived from D-mannitol + 3 mg/l IBA supplemented MS culture media were successfully acclimatized ex vitro exhibiting 86% survival percentage. However, the lowest ex vitro survival percentage (68%) was exhibited from plantlets rooted in vitro in ½ MS culture medium fortified with D-mannitol + 0.5 mg/l NAA ( Figure 6A-6C ). 
Effect of GB on micropropagation of S. raeseri
In S. raeseri Boiss & Heldr., the 100 mg/l GB + 0.5 mg/l NAA combination treatment appears suitable for the in vitro shoot proliferation stage (5.5 shoots/explant 2.34 cm long and 75% shoot multiplication percentage). Saini et al. [24] reported the stimulatory effect of 125-1,000 mg/l GB on growth, shoot number and shoot multiplication rate in two commercially important UPASI (U-9 and U-10) cultivars of tea (Camellia sinensis L. (O.) Kuntze) with the best response achieved with 1,000 mg/l GB. In contrast, sugar beet leaf discs treated with GB did not result in adventitious shoot formation under in vitro conditions with respect to other nitrogen supplements in the culture medium [25] . In apple microcuttings, the foliar application of 0.1-0.3 M GB onto newly transplanted plantlets led after 8 weeks to an increase in shoot growth by 30-76 % compared to the non-treated control plants [26] .
In the current study employing S. raeseri microplants, 100 mg/l GB stimulated root length by 0.75 cm, however initial stage of root induction (root number and rooting percentage) was inhibited due to GB application, irrespective of its concentration (50-400 mg/l). It is evident therefore that GB is not a promising rooting agent for the studied species. Contradictory results were recorded for the wheat cultivars (Triticumn aestivum L.) Sakha 94 (sensitive var.) and Sakha 93 (resistant var.), where GB (10 mM) improved growth vigor by increasing plant height and root length [27] .
Effect of PVP on micropropagation of S. raeseri
In S. raeseri Boiss & Heldr. microplants, 0.5-1 g/l PVP applied with 1 mg/l IBA even though enhanced shoot multiplication percentage is not suitable for shoot proliferation stage because intensified hyperhydricity problem. In addition, shoot proliferation of S. raeseri explants was negatively affected due to D-mannitol + 0.5 mg/l NAA, therefore D-mannitol seems inappropriate for this micropropagation stage. Sarropoulou et al. [28] reported that PVP had no significant effect on shoot length in the three cherry rootstocks studied. In addition, Parris [29] found no substantial changes in shoot length of Magnolia cv. Ann cultures by incorporating 1g/l PVP into the MS culture medium.
In the current study employing S. raeseri microplants, better rooting results (12 roots 1.47 cm long, 90% rooting) within 8 weeks were obtained by adding 0.5 g/l PVP + 0.5 mg/l NAA to the MS culture medium, thus promoting in vitro rooting stage. Similarly, Sarropoulou et al. [28] found that rooting percentage of CAB-6P and Gisela 6 cherry rootstocks was positively influenced when explants treated with 1 g/l PVP supplemented in half strength MS medium, while for the M × M 14 cherry rootstock adding 5 g/l PVP in both full and half strength MS media exhibited 100% rooting. On the contrary, PVP adversely affected rooting percentage in mini-cuttings of three clones of Eucalyptus urophylla × Eucalyptus grandis [30] .
In this research study, even though the combination effect 1 g/l PVP + 1 mg/l IBA led to increased rooting percentage, however its use is not considered appropriate at this stage as a result of escalation in vitrified explants. Similarly, in marula tree (Sclerocarya birrea subsp. caffra), 0.8 g/l PVP in combination with 1 mg/l IBA gave the maximum rooting percentage (68%) [31] . Rooting of cotton (Gossypium hirsutum L. cv. SVPR2) plants was promoted due to PVP application [32] . Positive effects of PVP on root length have been reported for oak (Quercus robur L.) microcuttings [33] , Betula platyphylla var. japonica [34] and Taxus mairei embryos [35] . In the apple cvs Delicious and Starkspur, PVP hardly affected root number or root length and even though decreased rooting percentage in the induction phase it had a stimulatory effect during the initiation and elongation phase [36] .
Effect of D-mannitol on micropropagation of S. raeseri
In S. raeseri microplants, D-mannitol applied at 2.5 g/l with 3 mg/l IBA had a positive effect on initial shoot proliferation stage taken into consideration shoot number (2.92) and shoot multiplication percentage (83.33%). On the other hand, Moges et al. [37] in chrysanthemum and Shibli et al. [38] in bitter almond found that mannnitol caused a reduction in shoot growth compared to sucrose. However, the elongation of produced S. raeseri shoots in the present study was not enhanced as a result of D-mannitol + IBA application. For instance, shoot length was optimum (30.83 mm) with 3 mg/l IBA (D-mannitol-free). According to Sarropoulou et al. [39] , in CAB-6P cherry rootstock, the supplementation of the MS medium with 5 g/l mannitol positively influenced shoot length. Although, the combination treatment 2.5 g/l D-mannitol + 0.5 mg/l NAA led to increased shoot multiplication percentage (70%) caused at the same time extensive problems of hyperhydricity and necrosis to the explants, thus its use is not recommended for the in vitro shoot proliferation stage of the species under study. Leva et al. [40] have reported that mannitol improved the in vitro propagation of agamic olive explants, collected from mature trees growing in the field. In olive (Olea europaea L.), mannitol gave higher shoot length than sucrose [41] .
The fortification of MS culture medium with D-mannitol + IBA adversely affected root number of S. raeseri microcuttings, however, 2.5 g/l D-mannitol stimulated root length (4 mm) and raised rooting percentage (25%) but at levels not acceptable in a commercial level. In CAB-6P cherry rootstock, root number and rooting percentage were maximum in half MS medium supplemented with 5 g/l mannitol and 15 g/l sucrose while root length was greatest with 10 g/l mannitol and 30 g/l sucrose in full MS medium (Sarropoulou et al. 2016 ). In the current study employing S. raeseri microplants, root length was also enhanced due to 2.5 g/l D-mannitol + NAA combination treatment. In Gisela 6, another cherry rootstock, 20 g/l mannitol + 15 g/l sucrose in full MS medium exhibited the maximum root number and 10 g/l mannitol + 30 g/l sucrose the greatest root length [39] . Between the 2 combination treatments, better results for S. raeseri explants (10.29 roots 1.35 cm long, 70% rooting) were obtained with 2.5 g/l D-mannitol + NAA, thus promoting in vitro rooting stage.
Conclusion
Advances in biotechnological approaches provide a set of techniques that contribute to solving problems of extinction or genetic erosion in particular of plants. Alternatives for fast multiplication, like "in vitro propagation" that enables propagation of plants under controlled environmental conditions, can help in multiplying selected plants after molecular and antifungal studies or subjected to excessive demand by the people. Plants are rich sources of pharmaceutically important compounds; but there is a need to synthesis these compounds within laboratory conditions. Micropropagation is an important technology since many secondary plant metabolites can't be synthesized chemically. Many plant species are undiscovered and their medicinal properties unknown; and even the medicinal remedies past down from generations are being lost. Further research and conservation of all plant species including medicinal plants is needed to preserve nature's natural drugs. Advanced biotechnological methods of culturing plant cells and tissues should provide new means for conserving and rapidly propagating valuable, rare, and endangered medicinal plants.
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